Abstract-In this letter, a microstrip dual-band band-pass crossover is proposed. By reducing the number of inner open stubs, miniaturization of a window-shaped crossover without reducing bandwidth can be achieved. An electromagnetic simulation and measurements are used to validate the compact (0.35λ × 0.35λ) crossover with a wide bandwidth.
INTRODUCTION
With the development of wireless technology, an increasing number of wireless products have been proposed. A microwave crossover is a circuit that allows the crossing of two microwave transmission lines while maintaining proper isolation between them [1] . Compared with a non-planar crossover, a planar crossover is expected to have a lower insertion loss and a downward shift in operating frequency because of the removal of parasitic effects, wires, and vias. The 90 • transmission line was replaced by a lumped-element circuit with a 90 • phase lead using inductors and capacitors.
A planar crossover with two cascaded branch lines was proposed [2] . By using two or three branchline sections with T-shaped transmission lines, a window-shaped dual-band crossover was developed by extending the conventional single-band crossover [3] [4] [5] . Moreover, a dual-band crossover with four inner quarter-wavelength transmission lines substituted by four asymmetrical transmission lines was reported [6] .
The present letter proposes a planar dual-band crossover. By reducing the number of inner open stubs, miniaturization of the window-shaped crossover can be achieved. Fig. 1(a) shows a schematic diagram of the crossover proposed that uses four inner open stubs [6] . To miniaturize the crossover, we use fewer inner open stubs to free up internal space, as shown in Fig. 1(b) .
DESIGN AND ANALYSIS ID
Figure 2(a) shows the equivalent admittances of the window-shaped crossover. The construction is symmetrical about XX and Y Y . In order to find the optimal size of the crossover, the S-parameters are obtained using even-and odd-mode theory. Based on the theory reported by Shao et al. [5] , Y ee , Y oe , Y eo , and Y oo can be expressed as:
Received 31 where Z A and Z B are the characteristic impedances of the outer and inner branches, respectively. The relationship between the pi-shaped transmission line and the inner branch Z B is shown in Fig. 2(b) . Based on the theory reported in [6] , the impedances Z 2 and Z b can be derived as:
where a quarter wavelength is selected for the electrical lengths θ a , θ b , and θ 2 of the asymmetrical transmission lines at f 0 , which is the middle frequency between f 1 and f 2 . The frequency ratio is f = f 2 /f 1 . Impedance Z c can be obtained from Fig. 2(c) . Based on this theory, the relationship between Z c and Z b is:
SIMULATION AND MEASUREMENT RESULTS
To validate the proposed crossover, we used the simulator Microwave Office from National Instruments and fabricated the crossover on an FR4 substrate. Its dielectric constant, loss tangent, and layer thickness were 4.7, 0.016, and 1.6 mm, respectively. Using Eqs. value. However, the two passband frequencies satisfy the theoretical formulas (4)- (6) . Table 1 compares the characteristics of the proposed crossover with those of recently reported microstrip dual-band crossovers. 
CONCLUSION
In this letter, a microstrip dual-band band-pass crossover that uses an inexpensive FR4 substrate is proposed. Reducing the number of inner open stubs allows miniaturization of the crossover. According to the results of EM simulation and measurements, the two band-pass bandwidths of the proposed crossover have good performance. Good agreement was obtained between simulation and measurement results.
